This paper estimates the direct and indirect socio-economic impacts of the 2000 flood that took place in the Po river basin (Italy) using a combination of Computable General Equilibrium (CGE) model and Spatial and MultiCriteria Analysis. A risk map for the whole basin is generated as a function of hazard, exposure and vulnerability. The indirect economic losses are assessed using the CGE model, whereas the direct social and economic impacts are estimated with spatial analysis tools combined with Multi-Criteria Analysis. The social impact is expressed as a function of physical characteristics of the extreme event, social vulnerability and adaptive capacity. The results indicate that the highest risk areas are located in the mountainous and in the most populated portions of the basin, which are consistent with the high values of hazard and vulnerability. Considerably economic damages occurred to the critical infrastructure of all the sectors with the industry/commercial sector having the biggest impact. A negative variation in the country and industry Gross Domestic Product (GDP) was also reported. Our study is of great interest to those who are interested in estimating the economic impact of flood events. It can also assist decision makers in pinpointing factors that threaten the sustainability and stability of a risk-prone area and more specifically, to help them understand how to reduce social vulnerability to flood events.
Introduction
Since 1950, a significant number of flood events occurred in Italy. The Hydrological and Inland Waters
Service of the Italian Agency for Environmental Protection and Technical Services (APAT) -renamed today as
Advanced Institute for Research and Environmental Protection (ISPRA) has collected data from fifty-five events that occurred in Italy from . For each flood event, time, number of casualties, and estimated economic total damage (both in Euros and in percentage with respect to GDP) have been collected and reported. The information is regularly updated including additional data on hydrological phenomena such as the total duration of precipitation, the maximum total rainfall value in 24 hours, and the hydrographic basins affected by floods (Lastoria et al. 2006) . The authors pointed out that overall, the flood events recorded between 1951-2003 caused 1394 casualties, half of which occurred during the time period from 1951-1970. The data confirm the significant impact of these flood events to society and to economy at national level.
Therefore, in this paper we will focus on a major flood event that occurred in October 2000 in the Po river basin (especially in Piedmont and Valle d'Aosta Regions). This basin was chosen as our study area because it is recognized as a highly economically developed area, for instance, 40 per cent of the national GDP is produced in the Po river basin by more than one third of the country's industries. Moreover, 5 per cent of Po's total surface is at risk of floods, a significant number of habitants and municipalities are located at risk prone areas. During the casualties (Camera dei deputati, 2000) and substantial total economic damages in all economic sectors. More than 40,000 people were evacuated and at least 3000 lost their houses (Guzzetti and Tonelli, 2004) .
The flood event affected more than 700 municipalities and almost all main cities including Turin, the capital of the Piedmont region. All economic sectors were severely impacted, either directly through structural The purpose of this paper is to estimate the direct and indirect socio-economic impacts of the flood that took place in the Po river basin in 2000. In order to accomplish this, a risk map, as a function of vulnerability, exposure and hazard, is produced. Furthermore, a combination of Geographical Information System (GIS) using spatial data, Computable General Equilibrium (CGE) models and multi-criteria analysis are employed. Firstly, the direct economic costs are estimated by employing GIS techniques with spatial information data. The CORINE (Coordination of information on the environment) Land Cover 2006 (ISPRA, 2006 ) is used to create land cover maps for the flooded areas. This is combined with the use of flood damage functions related to water depth and economic losses to assess direct impacts of floods in Europe (HKV Consultants, 2007) . Secondly, the indirect economic impact of flood is estimated through the analysis of the disruptions to the socio-economic system in terms of flooded land areas divided by productive sectors and labour force affected by the flood, using CGE model. Finally, the social impact of the flood is estimated using tools derived from the multi-criteria analysis, based on the methodology by Coninx and Bachus (2008) . The social impact is expressed as a function of exposure to flood, social vulnerability and adaptive capacity.
The importance of this paper is twofold. Firstly, to the best of our knowledge, this is the first study that quantifies the social and economic impact of flood in the Po river basin, a highly economically developed and populated area with industries, municipalities and habitants located in flood risk prone regions. Secondly, and most importantly, it attempts to propose an assessment method to fill knowledge gaps, in particular those concerning indirect and intangible losses of floods in the Po river basin. Finally, our study should be of great importance for those who are interested in improving the efficiency in the evaluation of hydro-meteorological risk and promoting the sustainable development within the European Flood Risk Management Directive implementation.
This paper unfolds as follows. Section 2 briefly reviews the existing literature, while Section 3 provides a comprehensive discussion of the methodology and a description of the sample data and variables definitions. In
Section 4 we present and discuss our empirical results, while Section 5 concludes the paper.
Literature review
This section will examine the literature regarding the assessment studies focused on the concepts of risk and vulnerability. It will first examine the methodologies for vulnerability and risk assessment, and then it will move to the examination of past risk and impact assessment studies in Italy.
risk and vulnerability assessment methodologies
The modern approach towards natural disasters has shifted from being hazard-oriented to a risk-based approach (Lastoria et al. 2006) . Flood research and flood protection policy have been dominated by a technical world view, focusing on the technical and financial aspects and ignoring the impact and significance of the socio-economic drives and social science techniques. However, in recent decades, social and socio-economic aspects gained more importance with a shift from flood protection to flood risk analysis (Messner and Meyer, 2005) .
Three factors are defined to set the framework of risk analysis: exposure, vulnerability and hazard.
According to UN/IDSR (2009) definition, risk to natural hazards is defined as the anticipated probability of harmful consequences or losses resulting from interactions between natural or anthropogenic hazards and vulnerable conditions and its (human) exposure. The concept of risk can be represented alternatively at equation
Where R denotes risk and is a function of hazard, H, Exposure, E, and Vulnerability, V.
Hazard is the probability of occurrence within a specified period of time in a given area, of a potentially damaging event so it implies to consider the frequency and the magnitude of the threatening event (Lastoria et al. 2006) . Exposure refers to the situation where people and economic assets become concentrated in areas exposed to severe hazards through processes such as population growth, migration, urbanization and economic development (UN/IDSR, 2009). In this sense, exposure is more or less a geographical attribute (ENSURE, 2009 
Where SU is defined as susceptibility to suffer losses and AC as adaptive capacity, which is the capacity of people and economies to absorb losses from hazards and recover. Kienberger (2012) states that vulnerability can exist everywhere at any place, but it depends on its degree, whereby in certain areas it may be close to zero, and in other areas may have a higher degree. The final risk is therefore defined by the spatial overlay (and mathematically defined through a 'function') with a hazard, which can be delineated spatially (e.g. the extent of a flood).
The IPCC Third Assessment Report (TAR) (2001) also provides two definitions of vulnerability (Brooks, 2003) . The first one defines vulnerability as the degree to which a system is susceptible to, or unable to cope with, adverse effects of climate change, including climate variability and extremes. Therefore, vulnerability is a function of the character, magnitude, and rate of climate variation to which a system is exposed, its sensitivity, and its adaptive capacity. The above definition may be compared with that given in Chapter 18 of the TAR, cited from Smit et al. (1999) , in which vulnerability is described as the degree to which a system is susceptible to injury, damage, or harm (one part -the problematic or detrimental part -of sensitivity). Sensitivity is in turn described as the degree to which a system is affected by or responsive to climate stimuli (IPCC, 2001 ).
The two IPCC definitions above are very different and somewhat contradictory, and are not consistent. The first definition of IPCC views the vulnerability of a system as a function of its sensitivity, whereas the second definition views vulnerability as a subset of sensitivity (Brooks, 2003) . According to Brooks, if the first definition is seen as a definition of biophysical vulnerability and the second definition as a definition of social vulnerability, then the contradiction is resolved.
The aspects of biophysical and social vulnerability were integrated by the development of the Hazards of Place (HOP) model of vulnerability by Cutter (1996) . The HOP model shows how risk and mitigation interact in order to produce hazard potential, which is filtered through (1) social fabric to create social vulnerability and (2) geographic context to produce biophysical vulnerability (Cutter and Morath, 2012) . Cutter et al. (2000) employed the Hazards of Place (HOP) model to carry out a local-scale, empirical assessment of all-hazards vulnerability for the coastal county of Georgetown, South Carolina. A geographical information system was employed to set up areas of vulnerability based on twelve environmental factors such as flood pains, surge inundation zones, seismic zones and historical hazard frequency. Social vulnerability was defined based on eight socio economic indicators such as total population and structure, differential access to resources/greater susceptibility to hazards due to physical weakness, wealth or poverty, level of physical or structural vulnerability. The results indicated that the most biophysical vulnerable places do not always spatially intersect with the most vulnerable populations (Cutter et al. 2000) . The authors concluded that a methodology for downscaling place vulnerability needed to be further developed. This concern provided the stimulus for developing a place based, scale dependent, inductive approach for measuring social vulnerability, the Social Vulnerability Index (SoVI) (Cutter et al. 2003 (Cutter and Morath, 2012) . Also, Cutter et al (2003) mapped the overall SoVI score based on standard deviations allowing them therefore to illustrate the degree to which some places are more vulnerable than others, highlighting counties at the tails of the distribution (i.e. high and low social vulnerability) (Cutter and Morath, 2012) .
Risk and impact assessment studies in Italy
In Italy, Lastoria et al. (2006) per cent and 0.33 per cent of GDP, respectively. As far as the number of casualties is concerned, the results indicate that almost 50 per cent of the analyzed floods caused more than 5 casualties and almost 10 per cent more than 100 over the years. The importance and usefulness of the information included in this dataset is highly acknowledged, however, the lack of homogeneity of data among the different flood events does not allow a meaningful comparative estimation. Although there is an overall decreasing trend in the number of casualties and damages over the years, the socio-economic impact of flood cannot be meaningfully estimated and compared among the flooded areas as the flood events did not hit the same areas and with the same intensity.
A recent study by De Marchi et al. (2007) and its consequences and information about the role of protection works were considered to be great importance for reducing vulnerability to floods. The efficiency risk management agencies can encourage people to enact self-protection behaviours. Risk maps need to be constantly updated to provide with valuable information regarding the risk-prone flooded areas. Finally, the designation of an area as a risky one might lead to a decrease in property values; and as a result residents who lived there are deprived twice, as they live in an unsafe area and are not able to sell their property.
Moreover, Guzzetti and Tonelli (2004) underlined that in Italy, 382 municipalities (5.9 per cent) have a 0.90 or larger probability of experiencing at least one damaging flood or landslide, and 1319 municipalities have a 0.50 or larger probability of experiencing at least one flood or landslide for a 10 years period. These numbers can increase to 1319 (20.5 per cent) and 3835 (59.6 per cent) municipalities for a 25-years period, and to o 2621 (40.7 per cent) and 4783 (74.4 per cent) municipalities for a 50-years period, respectively. The authors reported the results based on the use of data from hydrological and geomorphological catastrophes in Italy. It is emphasized that the societal and economic impact of flooding and slope failures is high in Italy, with just in the 20 th century, the toll of disaster impacts amount to 10,000 deaths, missing persons and injured people, more than 700,000 homeless people, and thousands of houses and bridges and hundreds of kilometres of roads and rails destroyed or damaged. Therefore, Guzzetti and Tonelli (2004) recommend a combination of geographical data to report the flood risk areas and demographic variables to assess the socio-economic impact.
The next section discusses the methodology adopted in this study and provides a useful tool to decision makers to estimate the economic damage caused by flood events. It also provides instruments to better understand how decision makers can reduce social vulnerability to flood events. The interest is focused on both the direct and indirect impact of floods. Direct impacts cover all varieties of harm to humans, property and the environment such as damage to buildings, economic goods and dykes, loss of life, whereas the indirect is associated with disruption in economic and social activities (Messner et al. 2007 ).
Methodology
This section will analyse the methodology and the data employed for the production of the risk map of the Po river basin, followed by a discussion for assessing the economic and social impacts.
Risk mapping
The Risk is calculated as function of hazard H, exposure E and vulnerability V equally weighted.
Hazard
The Po River Basin Authority through the Hydrological Management Plan provides a dataset of potential hazards related to the hydrogeological risk. The Plan analyses the territorial hydrogeological characteristics and system of interventions. In order to improve the basin's security level against hydrogeological risk, the plan defines structural (hydraulic works) and non-structural (rules) actions for soil and water uses. The Plan aims to design a functioning framework of the basin with the clear objective of preventing the risk: defines and quantifies critical exposure, actual and potential, investigating relevant causes; identifies required actions to deal with specific issues related to the gravity and extent of damages;
formulates safeguards rules that enable the effective and positive actions to protect soil and water.
The Plan considers two types of areas: the territories where the emergency status has been declared and that could be high level of risk for people safety, infrastructure and cultural and environmental heritage security.
Also, the plan identifies potential hydrological risk for inundating and flood prone areas, with three grade of inundation gravity (very high risk, high risk, medium risk), including also river buffer areas prone to rare flood risk (500 years return period), frequent flood risk (100-200 years return period) and common flood risk (20-50 years return period). Finally, the Plan provides geo-referenced information about active, stable and stabilized landslides. Figure 2 represents the exposed areas to hydrogeological risk in the Po river basin. In this study, the information provided by the Hydrological Plan has been used to produce a hazard map of the basin at municipal level.
Exposure
For the purpose of this study a simplified definition of exposure has been adopted. The exposure in the Po River Basin was defined as the degree of soil used for human activity in the municipality area. The total area and the percentage of area employed for construction was calculated for each of the municipalities of the basin.
Constructed area is represented by civil, industrial and commercial areas.
Vulnerability
Vulnerability of people is measured by the social flood vulnerability index (Ernst et al. 2010 ). Due to the restriction of data because of privacy at the individual level, data at the level of the municipalities of the flooded area have been used. The selected indicators in the social flood vulnerability index are proxies of the vulnerable social groups (Cutter et al. 2003 , Tapsell et al. 2002 .
Vulnerability to flood, V, has been calculated as follows: The database of the ACI is organised at regional level, whereas the ISTAT at municipal level.
Normalisation and weighting
The data referring to each of the indicators are different in unit and scale. In this work, it has been chosen to follow the same methodology used in UNDP's Human Development Index (HDI) (UNDP, 2006) to normalise them: Min-Max normalisation. The methodology adopted allows to standardize the values of the indicators and to obtain a final result ranging between 0 and 1 (ICRISAT).
The Indicators contributing to increase vulnerability have been normalised as follows:
The population density, originally expressed as people over squared kilometre, has been normalised using the logarithm of the values in order to reduce a wide range to a more manageable size. After normalising the indicators, a method of aggregation in which the vulnerability index score represents the summation of the equally weighted average sub-index scores, was chosen. The weights (W i ) have been equally distributed among the different indicators. The choice is motivated by the inability to concretely proof differences in the contribution of the single indicators in the overall determination of the Vulnerability Index (Cutter, 2010) .
Economic Impact

Direct economic impact
The direct economic impacts of 2000 flood were estimated on land cover maps which were elaborated using CORINE ( Directive. In order to define direct impacts, a spatial-based methodology has been carried out. CORINE-Land
Cover map is overlaid with actual flood extent and using damage functions, which are defined as damage cost for each meter square of specific land use, comprehensive direct damage estimation is employed. Then, the direct economic impact of flood is calculated by multiplying each damage value to the categories of land identified through CORINE-Land Cover. In order to quantify different land uses, the following assumptions were considered:
• Since CORINE-Land Cover does not distinguish between industry and commercial, the average of the respective values was applied.
• Discontinuous urban areas consider 50 per cent only of continuous urban damage values, because of their lower density, which could be estimated as half of continuous developments.
• 70 per cent only of road's damage values are considered for transport surfaces, including airports and railways.
Indirect economic impact
Indirect economic damage is estimated through the analysis of the disruptions to the socio-economic system in terms of flooded land areas divided by productive sectors and labour force affected by the flood, using The inputs for the simulation have been designed in the following way:
Using a spatial analysis, the percentage of land used for agriculture impacted by the flood in comparison with the total surface used for agriculture has been assessed.
Impacted surface has been used as a proxy to quantify the percentage of capital lost in the industrial, commercial, infrastructural and urban sectors.
The temporal extension of the flood event has been reasonably quantified in 2.5 months.
The impact on the labour has been estimated assuming a general suspension of the working activities for 2 days in the area of the Po river Basin Impacted by the flood.
Social impact
The assessment of the social impact has been conducted only for the most impacted part of the area affected by the 2000 flood event. As mentioned above, the event affected more than 700 municipalities. This assessment has been implemented taking into account 239 municipalities due to data availability.
The social impact of flood is estimated following the methodology developed by Coninx and Bachus (2008) and recently applied by Ernst et al (2010) for the evaluation of inundation hazard, exposure and flood risk for a case study along river Ourthe in the Meuse Basin (Belgium). The social risk evaluation is a function of three variables, exposure to flood characteristics, social vulnerability and adaptive capacity.
Thus, following the approach of Coninx and Bachus (2008) which was employed by Ernst et al (2010) the social impact index, SI, is defined as follows:
Where F is defined as the physical characteristics of the flood, V and AC denote the social vulnerability of people to floods and adaptive capacity, respectively. Coninx and Bachus (2008) stated that social flood impact experiences are very diverse among the affected people as there are people that can recover from floods easily and others that can be affected for months or years. Thus, the authors suggested that the way people experience social flood impacts is determined by three driving forces: flood characteristics, the exposure of people and vulnerability (as adopted by Hilhorst (2004), Peduzzi et al. 2002 , Granger 2003 and Schneiderbauer and Ehrlich 2004 Where WD denotes water depth score, WR is defined as water rise score, whereas VE and D denote as velocity and duration score, respectively. In Coninx and Bachus (2008) , each of these scores in equation (8) is represented with a binary value (0 and 1) after taking into account a threshold value based on Ernst et al (2010) and (Penning-Rowsell et al. 2003) approach. In this study, it has been decided to use actual data collected by the Environmental Agencies within the Po river basin. The flood characteristics have been studied for each of the rivers involved in the 2000 extreme event. As a proxy for the WD, the maximum hydrological height reached by the rivers during the event was used. Regarding the variable VE, the maximum flow, expressed in cubic metres per second, registered for the rivers was employed. As a proxy for the WR, it has been decided to use the variation of the hydrologic height of the river in a 24 hours period. Finally, for the variable D, the duration of the flood event, lasting for 4 days, was considered.
The discussion will be now focused on the measurement of the other two components of the social risk index, the social vulnerability, V and adaptive capacity, AC. The calculation of the social vulnerability index is already discussed above. It takes a value which ranges from 0 to 1 and indicates that the higher the score of this index, the larger is the proportion of vulnerable people to floods. Moreover, the adaptive capacity is analyzed by an analytical framework, developed and applied based on literature reviewing, policy documents and stakeholders consultations. Both physical characteristics of the flood and adaptive capacity were normalised using the same methodology as for vulnerability. Finally, the social impacts were classified as very low (20 
Results
Risk map
As mentioned above, the hazard map (Figure 4 ) has been produced on the base of the information provided by the Hydrological Plan of the basin. The elaboration conducted is aimed to combine the different typologies of hazard (landslides, floods, inundation) threatening the basin, in order to obtain a hazard value at municipality level. The final output classifies the municipalities into four categories: low, medium, high and very high hazard. The most hazardous areas appear to be the mountainous regions of the basin. This could be explained by the large presence of small rivers and torrents that, in case of extreme rainfall events, are suddenly subject to flash floods with catastrophic consequences. Moreover, the mountainous regions of the basin are characterised by the presence of multiple active or stabilised landslides that constitute a serious problem in case of a consistent increase of the humidity rate of the soil. It could appear controversial that the alluvial plain created in the geological eras by the main river of the basin is characterised by a low hazard. This is mainly due to the fact that several engineering and infrastructural interventions have been implemented in the last three centuries to contain floods with a return period lower than 500 years. 
Direct economic impact
The first step to estimate the direct economic impact of floods requires the use of damage functions.
These were obtained from HKV Consultants' report (2007) and are depicted in Table 1 . HKV consultants calculated damage functions and specific maximum damage per damage category, based on replacement and productivity costs for Netherlands. Replacement costs are used for the evaluation of physical damage to buildings, inventories, terrain and infrastructure and accounts for the flood damage to be fully repaired or replaced. Productivity costs are used for business interruption inside and outside the flooded area (Wagemaker et al. 2007) . As a result, HKV consultants applied the same valuation methods on behalf of the Joint Research
Centre of the European Union, and harmonized the damage functions and country specific maximum damage per damage category for all EU-27 countries on the basis of replacement costs and productivity costs, relating them to the Gross National Products of the various member states (Huizinga, 2007 Based on the damage values estimated on the HKV consultants report (2007), we were able to calculate the direct economic impact of flood by multiplying each damage value to the categories of land identified through CORINE-Land Cover. Table 2 summarises the direct economic impact the flood occurred in Northern
Italy in October 2000.
Table 2. Economic direct impact from the 2000 flood event (expressed in 2007 terms)
The 2000 flood event caused significantly economic damages to the critical infrastructure of urban, urban discontinuous, ie areas outside the cities characterized by low density, industry/commercial, agriculture and transport sectors, which included either destruction or disruption of the infrastructure of these sectors. It was estimated that the total damage to critical infrastructure from the 2000 flood event reached the level of almost 9.6 billion Euros in 2007 terms, with urban discontinuous area and industry/commercial having the biggest impact among the sectors. The total direct damage to the infrastructure of urban and discontinuous urban areas was at the level of 380 million and 6 billion Euros respectively, whereas the level of damage for the infrastructure of industry/commercial and agriculture was at the level of 2.7 billion and 400 million Euros, respectively. The infrastructure of roads, railways and airports was also damaged, with almost 2 million Euros of By analysing the available reports we conclude that even if the damage is grossly underestimated, because it refers to direct cost only, the estimation obtained by the combination of CORINE-Land Cover and damage values has similar degree of magnitude to other studies.
The estimated direct economic impact for the above sectors is confirmed by the empirical evidence. As Except for the direct economic impacts of flood, for instance harm to humans, property and the environment such as damage to buildings, economic goods, loss of life, it is of great importance to estimate the indirect impacts, which is related to the disruption in economic and social activities and consequently, the effect in national production and economy as a whole.
Indirect economic impact
The first step to estimate the indirect economic impact of floods requires the estimation of capital, labour and land losses due to the extreme event under consideration. As underlined in the methodology section, the been assessed, and the impacted surfaces of industrial, commercial, infrastructural and urban areas have been used as a proxy for capital lost. Land Cover (2006) 
and Flood propagation data (Piedmont Region, Valle d'Aosta Region and ARPA ER).
As highlighted at Table 3, Table 5 give an order of magnitude of the shock on the national economy, variation in the country, sectoral GDP, prices and exports, caused by the flood registered in the Po river basin in October 2000, in comparison with the baseline scenario.
Country GDP Variation (%)
All Sectors -0.0804 The estimated results showed a negative variation in the national Gross Domestic Product (GDP) of 0.0804 per cent, having all the sectors of the national economy been impacted by the shock. For instance, the agricultural sector is estimated to decrease its GDP by 0.0741 per cent, whereas the industrial sector showed the highest impact among the sectors with a decrease by 0.0958 per cent. The transport and services sectors are estimated to decrease by 0.0796 and 0.0768 per cent in GDP, respectively. Moreover, the estimated results reported a slight increase in the prices with respect to the baseline scenario. For example, the prices in the agricultural sector are estimated to increase by 0.0149 per cent, in the industrial sector by 0.0143 per cent, whereas in the transport and services sector the prices were estimated to increase by 0.0187 and 0.0213 per cent, respectively. Finally, the estimated results also showed a general decrease in the exports with respect to the baseline scenario. The biggest impact among the sectors was related to the exports in the industrial sector, by 0.1068 per cent, whereas the impact in the exports of the agricultural, transport and services showed lower impact, by 0.0717 per cent, 0.0729 and 0.0833 per cent.
Sectoral GDP variation (%)
Social Impact
The social impact map (Figure 8 
Conclusions
This paper estimated the direct and indirect socio-economic impact of flood that took place in the Po river basin (Italy) in 2000. It firstly provided a risk map for the whole basin which is generated as a function of hazard, exposure and vulnerability. Then, it estimated the direct economic costs by employing GIS techniques with spatial information data. Moreover, the indirect economic impact of flood is estimated through the analysis of the disruptions to the socio-economic system. Finally, the social impact of flood focusing on the most affected part of the flooded area is estimated using tools derived from the multi-criteria analysis and is expressed as a function of physical characteristics of the extreme event, social vulnerability and adaptive capacity.
Delving more deeply into our results suggests that the highest risk areas are located in the mountainous and in the most populated portions of the basin. Almost the entire Valle d'Aosta region (north-west part of the basin) is characterised by the highest risk which is consistent with the high values of hazard and vulnerability for the specific area. The same is apparent for the metropolitan areas of Milan, Turin, Parma, Reggio Emilia and Modena. On the other hand, low and very low levels of risk were registered in the central part of the basin, mainly driven by the low hazard.
Focusing on the direct economic impacts of the flood event, the study concludes that significantly economic damages occurred to the critical infrastructure of urban, urban discontinuous, areas outside the cities with low density, industry/commercial, agriculture and transport sectors. It was estimated that the total damage to critical infrastructure from the 2000 flood event reached the level of almost 9.6 billion Euros in 2007 terms, with urban discontinuous area and industry/commercial having the biggest impact among the sectors. As far as the indirect economic impact is concerned, the estimated results reported a negative variation in the national Gross Domestic Product (GDP), having all the sectors of the national economy been impacted by the shock. The highest impact in terms of GDP, prices and exports was reported for the industrial sector. Regarding the results from the social impact, it is concluded that the most socially impacted areas are located along the Dora Baltea river (Valle d'Aosta region) and at the conjunction of it with the Po river (in Turin and downstream). This is mainly attributed to the physical characteristics of these rivers and the high vulnerability of the area. On the other hand, the lower value of social impact was reported at the area along the Dora Riparia river (western part of the area of study). This is consistent with the lower level of vulnerability and physical characteristics of the river during the extreme event in comparison with the rest of the assessed area.
It should be finally noted that this is the first study that quantifies the social and economic impact of flood in the Po river basin, a highly economically developed and populated area with industries, municipalities and habitants located to flood risk prone regions. It provides a useful tool to those who are interested in estimating the economic damage caused by flood events. It can also assist decision makers in pinpointing those factors that threaten the sustainability and stability of a risk-prone area. More specifically, this study could help to better understand how social vulnerability to flood events can be reduced. It has to be finally underlined that this study should be of great importance for those who are interested in improving the efficiency in the evaluation of hydro-meteorological risk and promoting the sustainable development within the European Flood Risk Management Directive implementation.
